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Abstract: This paper estimates forecasting models using annual data for
the income velocity of money in the G-7 countries. The predíctions are
condítional upon the realized value of the long-term domestíc government
bond rate. Such conditional forecasts did not deteriorate over the period
1980-1988 as compared with the earlier post-war period. Velocity of M1 is
found to be very interest-elastic ín almost all countries; velocity of M2
less so. The specifications (based on Kalman filters and smoothers) point
to a non-conSCant (stochastic) trend íu velocity, hence questioning the
assumptíons required for the co-integration techniques used in other
iuoan[cli un ~I,i, demnud [o[ wunuy.
JEL Classífication numbers: 431, 311z
1. Introductíonl
In U~e cvu-ly ]980s mnny cconomists becnme convinced thnt the demand for
money schedule was too unstable to be used for policy purposes. One reason
was the influential article by Cooley and LeRoy (1981) which cast serious
doubts on the identification of a demand for money function. Another cause
was the apparent failure of monetary models to explain movements ín
floating exchange rates, in particular changes in the external value of the
U.S. dollar. Also, many demand for money relations for U.S. M1 or M2
appeared to break down when used for post-sample forecasting, particularly
those models that incorporated a small or zero interest rate elasticíty.
Finally, domestic financial deregulation or international currency
substitutíon were claimed to have shifted the demand for money ín an
unpredictable manner.
Prescriptíons for monetary policy that are formulated in terms of a path
for some monetary aggregate must be based on a demand for money function.
Doubts about the stability of that function generate doubts about such
recipes for policy. This is one reason for the interest in polícy
prescriptions that are based on targets for interest rates or exchange
rates, because such policy rules can (under sometimes unattractíve
assumptíons) be derived from macroeconomic models that do not require
identification of a demand for money schedule, or precise knowl.edge about
the interest rate or íncome elasticities of the demand for money.
Statements about the stability or otherwise of the relatíonship between
money and nominal income are conditíonal upon the selection of countries in
the data set and on the type of statistícal analysis performed. Here I have
applied identical specificatíons to annual post-war data for all G-7
countries, using both M1 and M2. The statistical methodology in the paper
reflects an important difference of opinion regarding the demand for money
1Work on this paper began during my stay as visiting scholar at the
Fund's Research Department. Michael Cox and Gerald 0'Driscoll of the Dallas
Fed provided useful comments. Camiel de Koning and Johan Koenes very ably
did much of the programming work and performed the calculations. Peter Ger-
brands, Linda van Tuyl and Tom de Vries provided efficient research
assistance. Part of the methodological discussion is summarized from my
(1990) paper.3
function.
Some researchers do not reject the hypothesis that the levels (of the
natural logarithms) of money, income and possibly a relevant interest rate
are co-integrated, meaning that a regression of the level of real balances
on [he level of income (and the opportunity cost variable) is permissible
(see Boughton,1990, who uses data from five of the G-7 countries; see also
Hendry and Erícsson, 1991, for the U.K. only, and Hoffman and Rasche, 1989,
for the U.S.).Z Others prefer to work in terms of fírst differences of
money, income and interest rates without reliance on a long-term
relationship in terms of the levels (see, for example, Rasche, 1987, and
Hetzel and Mehra, 1989 for the U.S.). Finally, the monograph by Bordo and
Jonung (1987) on the long-run behavior of velocity ín many countries shows
that velocity has a stochastic trend. Unless explanatory variables can
explaín a11 changes in the rate of growth of velocíty - and the work by
Bordo and Jonung suggests that neither income nor institutional variables
that represent monetization or economic development can provide more than a
parríal explanation - it follows that regressions in first differences are
misspecified: one would have to difference at least twice.
The simple fact that there are three co-existing schools of thought on this
particular issue proves how hard it is to resolve the dispute with least
squares regression techniques. Recall that the natural context for any
least squares model is that of stationary variables, because least squares
regressions for nonstationary variables have to work with a system matrix
X'X that is a function of the number of data points. Such regressions do
not satisfy ergodicity, meaning that it is not plausible that a síngle
collectíon of historical data can be used for the estimatíon of
coefficíents wíth distributions that relate to repeated samplíng.3
ZWhen nu danger of confusion exists, the words "natural logarithm of"
will be omitted ín the sequel.
3Durlauf and Phillips (1988) provide an excellent theoretical analysis
of the difficulties that arise when ordinary least squares are applíed to
nonstationary time seríes with the possibílity that the errors are also
nonstationary and nonergodic. See also Plosser and Schwert (1979) and
Nelson and Plosser (1982). This line of research oríginated with Paul
Newbold, see Granger and Newbold (1974).4
Of course each differencing operation increases the probability that the
transformed series are stationary. But, if the relationship when specified
in terms of levels is subject to both temporary and permanent disturbances,
differencing results in a deterioration of the signal-to-noíse ratio and
less well-determined coefficients.
By contrast to linear regression techniques, Kalman filters and smoothers
are designed to work with non-stationary data, because the filters and
smoothers produce distributions of the so-called state variables that are
conditional on the previous realization of the states. For that reason,
non-stationarity in itself presents no problem, and ergodicity can be
satisfied, implying that the distributions of the coefficients have a
meaningful lnterpretation. The only reason why Kalman fíltering has not yet
become the natural way to model multivariate time seríes has been the
technical difficulty to combine estimation of the states with estimation of
other parameters required to run the filter successfully.
In this paper I present a method for estimating states and parameters
joíntly, using smoothing algorithms developed by Maybeck (1979, 1982)
together with an estimatíon technique developed by Dempster, Laird and
Rubin ( 1977) and adapted to the Kalman filter case by Shumway and Stoffer (1982) .
The Kalman filter model will be estimated in terms of levels, with
allowance for three types of shocks to velocity (V):
(1) temporary shocks to the level of V;
(2) permanent shocks to the level of V;
(3) permanent changes in the trend of V.
Note that type (2), permanent shocks to the level, can be descríbed also as
representing temporary dísturbances to the rate of growth.
The variances of the different types of shocks and hence their relative
importance wíll be estimated on the basís of the data. In this way the
methodological diffículties associated wíth indirect tests for non-
stationarity or co-integration are avoided: the data will tell us whethers
it is useful or not to account for stochastic changes in the trend.~
However useful for dealing with nonstationarity and mixtures of different
types of shocks, the Kalman fílter cannot deal with the issues raised by
Cooley and LeRoy. These authors emphasized two complications that hamper
empirícal investigations of the demand for money schedule:
1. disentangling demand and supply of money may be impossible;5
2. measurement errors in the explanatory variables effect the
estimated coefficients ín the demand for money relatíon.
Perhaps the best response is to give up the ambition to estimate a demand
for money function and try only to forecast the income velocity of money.
In this paper I take the position that forecasts of velocity remain useful,
even though it may not be possible to classify the forecast formula as an
inversion of the demand for money schedule. Thus, the forecasts may be
based on some mixture of demand and supply schedules, and the coefficients
will indeed be sensitive to measurement errors in the right-hand-side
variables and possibly to the so-called Lucas critiquefi. Hence, the
principal connections between the forecasting formulas and economic theory
are the choice of explanatory variables - legitimized by their association
with the demand or perhaps the supply of money -, the maximum Length of
any lags in the formulas, and perhaps prlor dlstríbutlons on some of the
coefficients.
The remainder of the paper is organízed as follows. Section 2 introduces a
multivariate Kalman filter techníque that can be used to estímate a
relatíonship between the level of V, and the level of the interest rate. In
section 3 I present the results of implementing this multivariate Kalman
filter for the velocity of M1 and M2 in all G-7 countries using annual
data. Section 4 tests a number of simple hypotheses regarding the stability
of velocity and the síze of the forecast errors in velocity during the
óSee Swamy, Von zur Muehlen and Mehta (1989) for a very critical
methodological discussion of co-integration tests,
5see for example Hamilton (1989) for a brief analysis why standard
money demand equations are a mixture of supply and demand effects.
6Meither íssue can be circumvented with the use of instrumental
variables (see Cooley and LeRoy).1980s. Section 5 draws some statistical and economic conclusions.7
2 A Kalman filter model for velocitv
Conslder the símplest possíble relationship between real balances, real
income and an interest rate:
(1) Pe t Yc - Me - V~ - c t atr~t Bit t ut
In equatlon (1), p~ represents the natural logarithm of the price level in
an economy, y~ the log of a measure of íncome appropriate to the demand for
money, M~ the log of the money supply and hence V~ the log of the income
velocity of money. c Represents a shift term in the regressíon, tr~ a
linear trend for the log of V, i~ the log of some relevant interest rate
and ut the resídual ín the regression. a and B are coefficíents to be
estimated.
If we model in terms of levels, we shall have to accept that the residual
part of the equation wi11 be non-stationary. Time-varying stochastics offer
the best chance to cope with the dynamic aspects of the demand for money
listed above. One way to embed the linear least squares equation (1) in a
rícher dynamic model is to change to the state-space formulation. The state
vector is composed of all regression coefficients. The state transitíon
matrix would be the unit matrix ín the case of recursive least squares
without correction for serial correlation, but can be different in order to
represent dynamic features that are hard or impossible to model in the
least squares context.
The general state-space notation is as follows:
(2)
c~
V~ -( 1 0 1 ~ ) tr, - u~
a~
vaz (u) - R
r l 1 1 0 r l 1 1 0 F. 1c lc ~
( 3) I trJ
z 0 1 0 I tzJ
t 0 1 0 (w~l
~ ~'i 0 0 1 ~ ~ 0 0 0 lwil r
F,1lI - ~Ol 0 0~
vd~WZ1
0 Q2 0
W~ 0 0 18
Equation (2) is the observatíon equation. It states that the level of the
log of velocity, V, equals the sum of a shift parameter, the product of the
interest rate elasticity, B, and the long-term interest rate, it, and a
residual term ut. This observation equation is identical to an ordínary
regression equation.
The Kalman filter methodology adds equatíon (3), the so-called state update
equation. It shows how three state variables change from period to period.
The equatíon has a predetermined part and a stochastíc part. In the
predetermined part, the shift parameter is adjusted upwards in each period
by the amount, tr~, which represents a trend. In the stochastic part of
equation (3), the trend term, trt, is subject to a stochastic shock, wZ,
and the shift parameter is subject to permanent stochastic shocks, wl. The
interest rate elasticity ís not subject to stochastic shocks over time.
The user of a Kalman filter is asked to provide estimates of the variances
Q1, QZ, and R. The Kalman filter then processes the data "on line" and
produces estimates of the state variables - here: the shift parameter, the
trend and the interest elasticity - and their variance-covaríance matrix,
PL.
The variances, Q1, QZ, and R may be chosen in such a way that the
specification becomes equivalent to either equatíon (1) in terms of the
levels or the same specification in terms of first or second differences.
The Kalman filter specifícatíon of equa[ions (2) and (3) thus includes both
the levels and the first-difference specification. Other statistical
techníques for comparíng levels and first difference specifications suffer
from the disadvantage rhat the two competing hypotheses are non-nested.
The Kalman filter model may be re-written as follows:
( 4) e v~ - e n i ~ - 1. 0 ( V~-1 - lrt~.l - 8 l~.1) t e ~9
In eq. (4), mt represents a stochastic trend subject to the three types of
shocks discussed before: temporary to the level, permanent to the level and
permanent to the rate of growth. The equation shows that the state-space
formulation is equivalent to an error correction model for money demand. In
this particular simple case the adjustment parameter happens to be unity
(and the coefficient on it-1 equals the coefficient on Di~) because with
annual data and a stochastic trend there ís no serial correlation ín the
residuals and hence no need for lagged terms. An important difference with
standard error-correction models is the behavíor of the intercept mt which
is constrained to be constant over time in such models. Hence the Kalman
filter formulation incorporates all error-correction models - one could
allow for lagged values of velocity and opportunity cost variables - but it
is richer in one crucial respect because it allows for permanent shocks to
the level and rate of growth of velocity.lo
3. Velocity in the G-7 countries
All data are taken from the International Financial Statistics tape
produced by the Fund. Starting points for the analysis were díctated by
data availability on the tape as indicated in table 1; the terminal year is
1988. There are discontinuities in some of the monetary series; I have
inserted a dummy variable for each of the non-trivial breaks in a series
for ML or M2.~ Since estimation is in terms of levels, the dummíes are of
the type (0,0,..0,1,1,..1,1). Dummies have been inserted because of the










The economic model is the simplest possible one. The income elasticity of
money demand is fixed at unity and a single interest rate is used to
represent the opportunity cost of money, using the simplifying assumption
that the own rate of return on money in each country is constant over time
at the margin. With such simple assumptions the resulting models will not
be tha optimal forecnstíng tools for velocíty. However, the results from
these minimal specifications may contribute more convincingly to the debate
about the predictability of velocity, because uniform and simple models for
seven different countries are less subject to the suspícion of being based
~Note that the dummies relate only to breaks in one of the variables
in the definition of velocity, not to observed outliers in the estímated
statistical models.I1
on data mining than multí-parameter models with extensive lag structures
and many free parameters that are tuned to the actual data in each country.
The only free parameters in the models are the interest elasticity which is
assumed to be constant over time, and two varíance terms: the variance of
the permanent shocks to the level of the series and the variance of the
permanent shocks to the trend in velocity.e
The income elasticity of money is not a free parameter in this Kalman
filter model. I hypothesize that financial innovations lead to changes in
velocity trends that are spuriously pícked up by non-unitary income
elasticíties in the traditional money demand specifications. The princípal
attractíon of this hypothesis is .that it is not troubled by the substantial
differences between the income elasticities in different countries over
identical time periods in traditíonal models that do not allow for
stochastic trends but include the income elasticity as a free parameter.
The exogenous explanatory variable is the domestic yield on long-term
government bonds. No experiments were undertaken with other rates of return
or with lag structures, and the same specifícation was ímposed for all
countries. I have tested for stabilíty of this interest rate elasticity by
allowing for a different value before and after 1980. The hypothesis that
the interest rate elasticity did not differ between these two sub-periods
was not rejected for any of the G-7 countries.
The analysis is limited to a single opportunity cost variable and I have
made no attempts to íncorporate measures for the own return on money. In
recent years, many G-7 coun[ries have witnessed an increase ín the explicit
payment of interest on large fractions of M1 and M2 and therefore it would
certainly make sense to collect data for the own rate of interest and test
for its significance.
eThe variance of the temporary shocks to the level of velocity could
be seen as a third variance parameter, but the models are homogeneous of
the first degree in all the variance and covariance terms. Hence, this
variance is best viewed as computed ex-post from the results of the Kalman
filter.12
The filtering and estímation algorithm consists of fíve different blocks.
First, there is a normal ("forward") Kalman filter that produces an
estimate of the state variables at time Ttl (in our case: the shift
parameter, the Crend and the interest rate elasticity) based on all the
data from time t-1 up to and including time t-T. Second, a backward fílter
ís used which generates a backward "forecast" for time T using all the data
from period Ttl through to the final period.
A smoothed estimate of the state at time t-T can be formed by combining the
forward and backward filters. In order to generate a meaningful covariance
matrix for the smoothed estímates of the states, one has to start both
filters with an uninformative prior distribution for the covariance matrix
of the states. With this initialization, the smoothing algoríthm will
reproduce the o.l.s. variance matrix of the parameters (and the o.l.s.
residuals) in the special case that all the states are constant and corres-
pond to o.l.s. parameters.9
The fourth block of the algorithm uses the results of the Kalman smoother
to compute adjustments to the three unknown variance terms. I use the
Expectation Maximization algorithm, described by Dempster et al. (1977) and
adapted to our case by Shumway and Stoffer (1982)l0. Then the separate
forward and backward Kalman filters (blocks 1 and 2) are run again in order
to prepare inputs foz the Kalman smoother in the next iteration. This
process stops when the estimated values of the unknown parameters have
converged to their optimal values.ll
9In this important respect my program differs from the "Stamp"
program, developed by Harvey and described in Harvey (1989), His program
uses up the first two values of the observed series in order Co initialize
the two unknown variance terms for the shocks to the level and growth rate
of the seríes. By contrast, I apply a smoother in each iteration of the
program whích is computationally more costly but avoids this loss of
degrees of freedom in estimation.
loSee Nelson (1988) for evidence from his univariate research of U.S.
gnp that optímization with respect to the unknown variances of the
different shocks to the level and the shocks to the trend of a nonstation-
ary time series may be a delicate matter. This is a topíc for additional
research.
11See Bomhoff (1990) for further details on the statistical procedure
used.13
Finally the fifth block of the algorithm is applied just once. It starts
with the optimal values for the interest rate elasticíty and all variance
terms and uses these ínputs for a single run through the data. The forecast
errors of this filter are analyzed in the tables. Such a forward filter
does use a few inputs that are based on an analysis of the complete sample
period: the interest rate elastícity and the relatíve importance of
permanent shocks to the level of velocity versus permanent shocks to its
growth rate. However, the final forward filter does not use knowledge about
the specific realization of the shocks in the sample. Hence it should be
classified as a recursive method rather than an ex-post method such as
ordinary least squares or least squares with an error-correction
specification.
Table 1 summarizes the results for the G-7 countries. For each country the
ínterest rate elas[icity is shown for M1-velocity and M2-velocity, together
with the estimated standard error of the coefficient. All t-values are
significan[ at the 0.05 level on a two-sided test, except in France, where
the interest rate elasticity for M2 is insignificant and the coefficíent
for M1 has a t-value of 2. In all countries the interest rate elasticity of
M2 is smaller than that of ML, except in Che U.S, where rho el~aticities
are est.imatc,cl to be :cbout equal. In five out of the seven G-7 countries the
interest rate elasticítíes for M1 are quíte close together (U.S, Japan,
Germany, U.K., Italy). The elasticities are higher but still of the same
order of magnitude as found in earlíer work by Den Butter and Fase (1980).
Table 1 also shows the size of the forecast errors. These are conditional
on the realízed value of the long-term domestic bond yield and the
estímated interest rate elasticity and on the optimal estimates of the
relative importance of the three dífferent types of shocks that effect
vel.ocity as well as on the covariance between the permanent shocks to the
level and the permanent shocks to the growth rate. As far as the intercept
and the trend in velocity are concerned, the forecasts are purely ex ante
and computed recursively without any smoothíng. The stochastic trend does
change over time, but the fílter does not utilize future observations to
fit a trend to the complete period; instead it moves through the data and
learns from the data how to adjust the trend as time proceeds.14
The stochastic trend gíves the Kalman filter íts competitive edge over
standard regression techniques, including the co-integration method with an
error-correction step. Proponents of co-integration have to assume that all
changes in the dependent variable that are not explained by a linear
combination of the levels of the explanatory variables are stationary and
can be raken care of in the error-correction step. This assumption,
however, is implausible ín cases, such as the demand for money, in which
all the expLanatory variables that are included do exhibit non-
statíonaríty. Is it a[[raetive to accept that the influences which we can
measure (opportunity cost, possibly inflation or income) are non-
stationary, but to assume that other factors for which we do not have
proper empirical measurements (innovatíons in payments techniques,
development of new substitutes for money) are stationary as required by the
co-integration technique? The Kalman fílter, by contrast, is designed to
deal with non-stationarity of the unobserved components in the model.
The reasons for computing the forecasts conditíonal on the interest rate
for the current year are twofold. First, the outcomes are directly
comparable to results from studies of the demand for money, the princípal
differences being that the Kalman fílter is an one-line technique in stead
of an ex post method and allows for a stochastic trend in velocity. Second-
ly, because interest rates are observed without lag and without measurement
error, policymakers can always adjust any targets for a monetary aggregate
if interest rates during the planning period deviate from their predicted
values when the targets were set. Hence, one could argue that forecasts
conditional on ínterest rate realizations produce more useful evidence
ahour. the forecastability of velocity than forecasts that are conditional
only on past values of velocity, income and interest rates.
Table 1 gives two estimates of the accuracy of the forward Kalman filter.
The first number for each country and each monetary aggregate indicates the
root mean square error of the forecasts for the period as indicated. The
second number is a robust estimate of that same root mean square error,
computed usíng the medían absolute deviation divided by the correction
factor 0.6745. For normally distributed values this robust estimate has the
same expectation as the standard error. Outliers in the series cause the
robust estímate to be smaller than the "official" standard error.]5
The table confirms that outliers are important in several countries. Here
is a líst of all outliers, defined as forecast errors (in percent) ín
excess of three tímes the robust estimate of the standard error of the













Canada - 1954: -11.1
1983: 14.9
Note that two out of the twelve outliers relate to years in the period
1980-1988, which does not support the hypothesís that outlíers became more
frequent in the recent period.16
4, Has velocity become more unpredíctable?
This section díscusses a number of additional hypotheses regarding the
unpredíctability of velocity. In table 2 I present results of a formal test
whether the forecasts of velocity have become more imprecise in the 1980s.
For each country the two numbers in each cell in the table refer to the
variance of the forecast errors over the períod through 1979 and the
variance of the forecast errors over the period 1980-89. Forecasts errors
are taken from the final forward filter as discussed in section 2.2 and use
the current realízation of the interest rate. The sum of squared forecast
errors has been divided by n-1, with n the number of errors in the sample.
The results in table 2 reject the notion that the income velocíty of money
has become more unpredictable worldwide in the 1980s. The errors become
larger ín the U.S. and in Canada, as well as for M2 ín France, in each case
by a factor of approximately 2. On a formal F-test this is insufficient in
all five instances to reject the null-hypothesis that the variance of
velocity has remaíned unchanged. Velocity of M2 in Italy is as predictable
before 1980 as after that year. In all eíght other cases, the forecast
errors decline, sometimes by a very large margin.
If we arrange the variances for both M's and both periods in order of
magnitude. ncrnss the countries, we see that for M1 velocity the median
value of the variance falls from 26.7 to 10.3 and for M2 from 17.5 to 16.4.
It is also interesting to note that before 1980 M2 velocity was less
varíable than M1 velocíty in all seven countries, but during the 1980s in
four of the seven countries. Particularly small are the forecast errors ín
the 1980s for M2 velocity i.n Japan and Germany.
Table 3 shows how the Kalman filter forecasts compare to an alternative
method of generating forecasts of velocity. The Kalman filters have been
re-estímated for periods through 1979 and extrapolated through 1988.1z As
an alternative, regressíons have been performed for both monetary aggrega-
tes according to the following specificatíon:
1zJapan had to be omitted because of the limited length of the data
series.17
(5) Vc - c f atrc t I~Yc } Bic t ut
ut - ~uc-1 - at
In eq. 5, velocity is regressed on a linear trend, on real income and on
the long-term interest rate. A fírst-order autoregressive parameter is
estimated for the residuals in all cases. The equation is estimated using
data through 1979 and the regression coefficients are used for dynamic
forecasts conditional on the realized values of real íncome and the
interest rate, and again incorporating the serial correlation correction.
The numbers in the table show the mean errors (the bias) and the standard
deviations of the conditional forecasts for 1980-1988. The Kalman-filter
gives less biased forecasts with far lower forecast errors.
Finally, table 4 investigates whether the differences in predictability of
velocity across countríes is related to the unpredictability of the money
supplies. I have applied uniform Box-Jenkins time-series models to the
money supply data, assuming a first-order moving average model applied to
the second differences of money stock data. The table shows the estimated
standard errors of the fourteen Box-Jenkins models, together with Che
robust estimates of the standard errors of the forecasts in velocity. I
have computed Spearman's rank correlation coefficients between these errors
and the forecast errors for velocity. For both M1 and M2 the rank
correlation coefficient equals 0.71 which is at the 0.05 significance
level.
Table 4 investígates the rankings of the forecast errors in money and in
velocicy on a cross-sectional basis. One can also rank the forecast errors
for money and velocity in each country in order to see whether years in
which realized money growth deviated much from predícted money growth
tended to be years in which velocity also devíated a lot from its conditío-
nal forecast.
Significant rank correlations at the 0.05 level, usíng Spearman's method,
are obtained in the following cases: United Kingdom M1 (coefficíent-0.60)18
and M2 (0.65), Japan M1 (0.61), Italy M1 (0.52) and M2 (0.37) and Canada M1
(0.49) and M2 (0.55). There were no significant negative correlations.
Nence, ín the countries in which M1 or M2 velocity was most variable, years




The Kalman filter results indicate a substantial interest rate elastícity
of the demand for money for M1. Niskanen (1988) and Poole (1988) were the
first economists to point out that earlier estimates of the demand for real
balances in the U.S. might have gone astray by assuming that the secular
increase in velocity during the 1970s should be represented by a linear
trend. They pointed to the alternative hypothesis that the demand for money
fell during that period because of higher trending interest rates. Poole's
paper describes why a substantial interest rate elasticity makes the
conduct of a dísinflationary monetary polícy more dífficult: the rate of
growth of the money supply has to decline in order to lower ínflatíonary
expectations, but as the lower inflationary expectations lead to lower
long-term ínterest rates, the demand for real balances goes up.
The results lend no support to the hypothesis that the íncome velocity of
money has become significantly more unpredictable in the 1980s. Forecast
errors did increase in the U.S. but became smaller in most other countries.
The frequency of outliers, defined as particularly large forecast errors,
did also not increase during the years 1980-88. There is a significant
correlation between the size of the forecast errors in velocity and the
síze of the forecast errors ín money: predictable monetary policies are
associated with predictable behavior of velocity.
Finally, regarding methodological issues, the Kalman filter allows us to
specify the model in terms of levels, even though the dependent variable,
the explanatory variables and the error terms are nonstationary. The levels
specification has important advantages: smaller measurement errors ín the
dependent (and independent) variables; superior estímates of the
coefficients, if the independent variable(s) effect velocity with a
variable Lag. Also, the Kalman filter has the advantage over the co-
integration technique that no assumption needs to be made (and tested using
weak power tests) about the degree of co-integration of the dependent and
independent variables. If the hard-to-model effects on velocity of changes
in payments techniques or the introduction of new money substitutes have
persístent effects, the co-integration technique breaks down, but the
Kalman filter can cope with such permanent shifts in the demand for money20
through its incoporation of a stochastic trend.ZI
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Table 1 Forecast errors of velocity
M1 M2










0.24 (0.075) S.5 0.15 (0.062) 4.~.
4.6 3.8
Germany 0.22 (0.034) 3.3 0.16 (0.036) 3.0
1958-1988 3.1 2.4
U.K. 0.25 (0.077) 5.2 0.12 (0.055) 4.6
1953-88 4.1 3.6
France 0.084 (0.042) 3.9 0.012 (0.061) 3.4
1952-88 4.4 2.7
Italy 0.19 (0.072) S.1 0.14 (0.063) 4.5
1953-88 (M1) 3.6 3.7
1955-88 (M2)
Canada 0.56 (0.12) 5.8 0.15 (0.069) 4.7
1950-88 5.1 4.3
Standard errors are printed behind each interest rate elasticity. All
"official" and robust estímates of the standard error of the forecasts are
in percent.1i
Table 2 Forecast errors in velocity
M1 M2
U.S. 5.1~8.4 4.2~ 8.5
Japan 49.5~10.3 34.4~ 4.4
Germany 12.8~ 8.9 12.4~ 2.5
U.K. 27.5~30.9 24.8~16.4
France 18.4~ 7.1 10.0~19.5
Italy 30.5~18.1 22.4~19.3
Canada 26.7~69.0 17.5~45.7
All numbers must be multiplied by 10-`. The first number in each pair
refers to the variance of the forecast errors before 1980; the second
number to the varíance over 1980-88. Forecast errors are based on an on-
line Kalman Filter that uses the current value of the long-term government
bond rate.24
Table 3 Forecast errors for 1980-88
Kalman filter regressions
bias stand. bias stand.
error error
U.S. M1 -1.46 2.09 2.48 2.15
M2 0.24 2.89 0.55 4.71
U.K. M1 -5.50 6.14 5.47 6.9713
M2 -1.98 4.20 6.06 4.52
Fr. M1 0.25 2.69 -2.80 3.51
M2 -0.71 4.14 8.65 3.07
It. M1 3.79 2.58 18.26 6.14
M2 4.16 2.94 15.26 4.03
W.G. M1 -0.25 2.96 5.92 3.17
M2 0.05 1.81 3.7G 1.07
Ca. MI -2.83 7.38 3.40 9.99
M2 1.39 6.61 -3.64 5.70
13The dummy variable for 1981 haas not been inserted in the
calculations for the U.K.ZS
Table 4 Forecast Errors in Money and Velocitv
M1 (rank) M2 (rank)
U.S. velocity 1.90 (1) 2.50 (2)
money 2.75 (1) 3.10 (4)
U.K velocity 4.10 (4) 3.60 (4)
money 5.32 (5) 5.20 (7)
Fr. velocity 4.40 (5) 2.70 (3)
money 3.48 (2) 2.83 (2)
W.G, velocity 3.10 (2) 2.40 (1)
money 4.02 (3) 2.17 (1)
It. velocity 3.60 (3) 3.70 (5)
money 4.42 (4) 3.13 (5)
Ca. velocíty 5.10 (7) 4.30 (7)
money 6.55 (7) 4.36 (6)
Jp. velocity 4.60 (6) 3.80 (6)
money 5.37 (6) 2.96 (3)
All errors are percentages.26
References
BQR30FF EounRn J., "Predícting the Income Velocity of Money", unpublished,
Erasmus Uníversity Rotterdam (1990).
BoucHroN, Ju-gs M., "Long-run Money Demand in Large Industrial Countríes", IMF
Working Paner, No. WP~90~53 (Washington, D.C.: International Monetary Fund,
June 1990).
BoRDO, MICHnEL D. eNO L~RS JONUNC, "The Long-run Behavíor of the Velocity of
Circulatíon, The International Evidence", Cambridge University Press
(19s7).
BurrER, DEN, FRaNic A.G., nNO M.G. MnRrIN FnsE, "The Demand for Money in E.E.C.
Countries, Journal of Monetarv Economics, 8, No. 2 ( September 1981), pp.
201-30.
CooLEr, THoru.s F. nND STEPHEN F. LERox, "Identification and Estimatíon of Money
Demand", The Amerícan Economic Review, Vol. 71, No. 5(December 1981), pp.
825-44.
DEt~srER, A.P. , N.N. LnIRO, ANO D.B. RueIN, "Maximum Likelihood from Incomplete Data
via the EM Algorithm", Journal of the Roval Statistical Societ~, Series B,
Vol. 39 (1977), pp. 1-22.
DuwauF, STEVEN N. nND PE2ER C.B. PHILLIPS, "Trends Versus Random Walks ín Time
Series Analysis", Econometrica, Vol. 56, No. 6, (November 1988), pp, 1333-
54.
GRANGER, CLIVe W.J. nNO PnuL NEweoLn," Spurious Regressions in Econometrics",
Journal of Econometrics, Vol. 2(1974), pp. 111-20.
HAHILiON, Jntgs D. ,"The Long-run Behavior of the Velocity of Circulatíon: a
Review essay", Journal of Monetary Economícs, 23, No. 2 (March 1989), pp.
335-44.
HnRVer, ANDREw C., "Forecasting, structural time series models and the Kalmanz7
filter", Cambridge University Press (1989).
HENDRY, Dnvln F. eND NEIL R. ERICSSON, "An econometric analysis of UK money demand
in Monetary Trends in the United States and the Uníted Kingdom by Milton
Friedman and Anna J. Schwartz", American Economic Review (forthcoming,
March 1991).
HETZEL, RoBERr L. nND YnsN P. MENRn, "The Behavior of Money Demand in the 1980s",
Journal of Monev, Credit and Banking, Vol. 21, No. 4(November 1989), 455-
63.
HoEerfnN, DENNIS ,~ND RoBERZ H. RnscNE, "Long-Run Income and Interest Elastícíty of
Money Demand in the United States", NBER Working Paper, No. 2949
(Cambridge, Mass.: National Bureau of Economíc Research, April 1989).
MAYBECK, PerER S., "Stochastic Models, Estimation, and Control", Volume 1,
Mathematics in Science and EnPineering, Vol. 141-1 ( Academic Press, 1979).
MAYBECK, PErER S., "Stochastic Models, Estimatíon, and Control", Volume 2,
Mathematics ín Science and Engineering, Vol. 141-2 (Academic Press, 1982).
NELSON, CNnRLES R., "Spuríous Trend and Cycle ín the State Space Decomposition
of a Tíme Series with a Unit Root", Journal of Economíc Dvnamics and
Control, Vol. 12 (1988), pp. 475-88.
NEtsoN, CHARLES R. AND CNnRLES I. PLOSSeR, "Trends and Random Walks in Macroeconomic
Time Series: Some Evídence and Implícations", Journal of Monetarv
Economics, 10, No. 2, pp. 139-62.
NISKANEN, WILLIAM A. ,"Comment on Jean Waelbroeck", in H. Giersch (ed. ), Macro
and Micro Policies for More Growth and Employment, Symposium 1987, J.C.B.
Mohr (1988), pp. 23-25.
PLOSSER, CNnRLES I. nNO G. WILLInM ScNwERr, "Money, Income, and Sunspots: Measuring
Economic Relationships and the Effects of Dífferencing", Journal of
Monetarv Economics, Vol. 4, No. 4(November 1979), pp. 637-60.ZS
PooLE, WiLLiua, "Monetary Policy Lessons of Recent Inflatíon and Disinfla-
tíon", Journal of Economic Persvectives, Vol. 2, No, 3(Summer 1988), pp.
73-100.
R.vscxe, RoeeRr H. , "Ml-Velocity and Money Demand Functions: Do Stable
Relationships Exlst'1", Carnegie-Rochester Conference Series on Publi
olic , Vol. 27 (Autumn 1987), pp. 9-88.
Sxm~sur, RoeERr H. Axn D.S. SSOFFEa, "An Approach to Time Series Smoothing and
Forecasting using the EM Algorithm", Journal of Tíme Series Analysis, Vol.
3, No. 4 (1982), 253-64.
Swun, P.A.V,B. nxn GEORGE S. Tev~.ns, "Financial Deregulation, the Demand for
Money, and Monetary Policy in Australía", International Monetary Fund Staff
Paners, Vol. 36, No. 1(March 1989), pp. 63-101.
Swvtt, P.A.V.B. , PErEa vox zuR MuExtEx, ,vm J.S. MEax~, "Co-íntegration: is it a
property of the real world", Fgderal Reserve Board. Finance and Economics
Discussion Series, No. 96 (1989).Discussion Paper Series, CentER, Tilburg University, The Netherlands:
(For previous papers please
No. Author(s)





9005 Th. ten Raa and
M.F.J. Steel
9006 M. McAleer and
C.R. McKenzie










9013 A. Horsley and
A. Wrobel
9014 A. Horsley and
A. Wrobel
9015 A, van den Elzen,





9018 M. Verbeek and
Th. Nijman
consult previous discussion papers.)
Title
Wage Setting and Stabilization Policy in a
Game with Renegotiation
Alternative Approaches to Testing Non-Nested
Models with Autocorrelated Disturbances: An
Application to Models of U.S. Unemployment
A Stochastic Analysis of an Input-Output
Model: Comment
Keynesian and New Classical Models of
Unemployment Revisited
Semi-Conjugate Prior Densities in Multi-
variate t Regression Models
Duration Models with Time-Varying
Coefficients
An Efficient Method of Moments Estimator
for Discrete Choice Models with Choice-Based
Sampling
Expectations end Intertemporal Separability
in an Empirical Model of Consumption and
Investment under Uncertainty
Gorby Games - A Game Theoretic Analysis of
Disarmament Campaigns and the Defense
EFficiency-Hypothesis
The Existence of an Equilibrium Density
for Marginal Cost Prices, and the Solution
to the Shifting-Peak Problem
The Closedness of the Free-Disposal Hull
of a Production Set
The Continuity of the Equilibrium Price
Density: The Case of Symmetric Joint Costs,
and a Solution to the Shifting-Pattern
Problem
An Adjustment Process for an Exchange
Economy with Linear Production Technologies
On Fractional Demand Systems and Budget
Share Positivity
The Exact Likelihood Function for an
Empirical Job Search Model
Testing for Selectivity Bías in Panel Data
ModelsNo. Author(s)
9019 J.R. Magnus and
B. Pesaran
9020 A. Robson
9021 J.R. Magnus and
B. Pesaran




9025 K. Kamiya ana
D. Talman
9ozó P. Skott
902~ c. Dang ana
D. Talman
9028 J. Bai, A.J. Jakeman
and M. McAleer
9029 Th. van de Klundert
903o Th. van de Klundert
and R. Gradus
9031 A. Weber
9032 J. Osiewalski and
M. Steel
9033 C. R. Wichers
9034 C. de Vries
9035 M.R. Baye,
D.W. Jansen and Q. Li
Title
Evaluation of Moments of Ratios oF Quadratic
Forms in Normal Variables and Related
Statistics
Status, the Distribution of Wealth, Social
and Private Attitudes to Risk
Evaluation of Moments of Quadratic Forms in
Normal Variables
Linear Stationary Point Problems
Good Times, Bad Times, and Vertical Upstream
Integration
The D7-Triangulation for Simplicial Homotopy
Algor3thms for Computing Solutions of
Nonlinear Equations
Variable Dimension Simpliciel Algorithm for
Balanced Games
Efficiency Wages, Mark-Up Pricing and
Effective Demand
The D-Triangulation in Simplicial Variable
Dimension Algorithms for Computing Solutions
of Nonlinear Equations
Discrimination Between Nested Two- and Three-
Parameter Distributions: An Application to
Models of Air Pollution
Crowding out and the Wealth of Nations
Optimal Government Debt under Distortionary
Taxation
The Credibility of Monetary Target Announce-
ments: An Empirical Evaluation
Robust Bayesian Inference in Elliptical
Regression Models
The Linear-Algebraic Structure of Least
Squares
On the Relation between GARCH and Stable
Processes
Aggregation and the "Random Objective"
JustiFication for Disturbances in Complete
Demand SystemsNo. Author(s)
9G36 J. Driffill
903~ F. van der Ploeg
9038 A. Robson
9039 A. Robson
904o M.R. Baye, G. Tian
and J. Zhou
9041 M. Burnovsky and
I. Zang
9042 P.J. Deschamps
9043 S. Chib. J. Osiewalski
and M. Steel
9044 H.A. Keuzenkamp
9045 I.M. Bomze and
E.E.C. van Damme
9046 E. van Damme
9047 J. Driffill
9048 A.J.J. Talman
9049 H.A. Keuzenkamp and
F. van der Ploeg
9050 C. Dang and
A.J.J. Talman
9o5i M. Baye, D. Kovenock
and C. de Vries
9052 H. Carlsson and
E. van Demme
9053 M. Baye and
D. Kovenock
Title
The Term Structure of Interest Rates:
Structural Stability and Macroeconomic Policy
Changes in the UK
Budgetary Aspects of Economic and Monetary
Integration in Europe
Existence of Nash Equilibrium in Mixed
Strategies for Games where Payoffs Need not
Be Continuous in Pure Strategies
An "Informationally Robust Equilibrium" for
Two-Person Nonzero-Sum Games
The Existence of Pure-Strategy Nash
Equilibrium in Games with Payoffs that are
not Quasiconcave
"Costless" Indirect Regulation of Monopolies
with Substantial Entry Cost
Joint Tests for Regularity and
Autocorrelation in Allocation Systems
Posterior Inference on the Degrees of Freedom
Parameter in Multivariate-t Regression Models
The Probability Approach in Economic Method-
ology: On the Relation between Haavelmo's
Legacy and the Methodology of Economics
A Dynamical Characterization of Evolution-
arily Stable States
On Dominance Solvable Games and Equilibrium
Selection Theories
Changes in Regime and the Term Structure:
A Note
General Equilibrium Programming
Saving, Investment, Covernment Finance and
the Current Account: The Dutch Experience
The D-Triangulation in Simplicisl Variable
Dimension Algorithms on the Unit Simplex for
Computing Fixed Points
The All-Pay Auction with Complete Information
Global Games and Equilibrium Selection
How to Sell e Pickup Truck: "Beat-or-Pay"
Advertisements as Facilitating DevicesNo. Author(s)
9054 Th. van de Klundert
9055 P. Kooreman
9056 R. Bartels and
D.G. Fiebig
9057 M.R. Veall and
K.F. Zimmermann
9058 R. Bartels and
D.G. Fiebig
9059 F. van der Ploeg
9060 H. Bester
906i F. van der Ploeg
9062 E. Bennett and
E. van Damme
9ob3 S. Chib, J. Osiewalski
and M. Steel
9064 M. Verbeek and
Th. Nijman
9065 F. van der Ploeg
and A. de Zeeuw
9066 F.C. Drost and
Th. E. Nijman
9067 Y. Dai and D. Talman
9068 Th. Nijman and
R. Beetsma
9069 F. van der Ploeg
9070 E. van Damme
9071 J. Eichberger,
H. Haller and F. Milne
9072 G. Alogoskoufis and
F. ven der Ploeg
Title
The Ultimate Consequences of the New Growth
Theory; An Introduction to the Views of M.
Fitzgerald Scott
Nonparametric Bounds on the Regression
Coefficients when an Explanatory Variable is
Categorized
Integrating Direct Metering and Conditional
Demand Analysis for Estimating End-Use Loads
Evaluating Pseudo-R2's for Binary Probit
Models
More on the Grouped Heteroskedasticity
Model
Channels of International Policy Transmission
The Role of Collateral in a Model of Debt
Renegotiation
Macrceconomic Policy Coordination during the
Various Phases of Economic and Monetary
Integration in Europe
Demand Commitment Bargaining: - The Case of
Apex Games
Regression Models under Competing Covarience
Matrices: A Bayesian Perspective
Can Cohort Data Be Treated as Genuine Panel
Data?
International Aspects of Pollution Control
Temporal Aggregation of GARCH Processes
Linear Stationary Point Problems on Unbounded
Polyhedra
Empirical Tests of a Simple Pricing Model for
Sugar Futures
Short-Sighted Politicians and Erosion of
Government Assets
Fair Division under Asymmetric Information
Naive Bayesian Learning in 2 x 2 Matrix
Games
Endogenous Growth and Overlapping GenerationsNo. Author(s)
9073 K.c. Fung
9101 A. van Soest
j102 A. Barten and
M. McAleer
9103 A. Weber
9104 C. Alogoskoufis and
F. van der Ploeg
9105 R.M.W.J. Beetsma
9106 C.N. Teulings
9107 E. van Damme
9108 E. van Damme
9109 G. Alogoskoufis and
F, van der Ploeg
9110 L. Samuelson
9111 F. van der Ploeg and
Th. van de Klundert
9112 Th. Nijmen, F. Palm
and C. Wolff
9113 H. Bester
9114 R.P. Gilles, G. Owen
and R. van den Brink





Strategic Industriel Policy for Cournot and
Bertrand Oligopoly: Management-Labor
Cooperation as a Possible Solution to the
Market Structure Dilemma
Minimum Wages, Earnings and Employment
Comparing the Empirical Performance of
Alternative Demand Systems
EMS Credibility
Debts, Deficits and Growth in Interdependent
Economies
Bands and Statistical Properties of EMS
Exchange Rates
The Diverging Effects of the Business Cycle
on the Expected Duration of Job Search
Refinements of Nash Equilibrium
Equilibrium Selection in 2 x 2 Games
Money and Growth Revisited
Dominated Strategies and Commom Knowledge
Political Trade-off between Growth and
Government Consumption
Premia in Forward Foreign Exchange as
Unobserved Components
Bargaining vs. Price Competition in a Market
with Quality Uncertainty
Games with Permission Structures: The
Conjunctive Approach
Unanticipated Inflation and Government
Finance: The Case for an Independent Common
Central Bank
Exchange Rate Risk and Imperfect Capital
Mobility in an Optimising Model
Currency Convertibility: When and How? A
Contribution to the Bulgarian Debatel
Stability of Velocity in the G-7 Countries: A
Kalman Filter ApproachP(~ RC~X 9C11.~,~ .~,M(1 I F TII RI IR~ THF NFTHFRLAND;
Bibliotheek K. U. Brabant
imNmmi~u~N~uiui~iu